Fusarium head blight (FHB) disease and deoxynivalenol (DON) contamination of 2 wheat grains depend on multiple factors, above all climatic conditions, but also 3 agronomic factors such as crop rotation, debris management, variety susceptibility 4 and fungicide applications. Although it is generally believed that multiple strategies 5 are more successful than a single strategy, only a few studies have shown the 6 quantitative effect of combining multiple strategies. 7 Field experiments have been conducted over three growing seasons in three sites in 8 Northern Italy to evaluate the effect of previous crop residue management through 9 tillage, variety susceptibility and triazole fungicide application on common wheat, 10 according to a full factorial scheme. The following parameters were analyzed: FHB 11 severity, grain yield and DON contamination. 12 The collected data have clearly shown a close interaction between the factors 13 involved in FHB severity and DON content, while the interactions were less 14 significant for grain yield. In all nine trials, the DON contamination was significantly 15 affected by the interaction of at least two of the compared factors, while the 16 interaction between all three factors involved was significant in four trials. The most 17 favourable scenario to avoid DON contamination (ploughing, moderately resistant 18 variety, triazole application at heading) reduced the DON content by 97% compared 19 to the worst one (direct sowing, susceptible variety, no fungicide application).
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(3) You must attribute this AAM in the following format: Creative Commons BY-NC-ND (Champeil et al., 2004a) . This disease causes total or partial ear premature 4 senescence with a consequent reduction in both crop yields and grain quality 5 (Pirgozliev et al., 2003) . F. graminearum and F. culmorum, the most important 6 species responsible for FHB, are also the main causes of the accumulation of 7 deoxynivalenol (DON) in wheat kernels, a mycotoxin of the trichotecenes group, 8 inhibits protein biosynthesis in eukaryotes (Bottalico and Perrone, 2002) .
9
FHB infection and DON contamination of wheat grains depend on multiple factors, 10 above all climatic conditions, particularly at flowering (Xu, 2003) , but also agronomic 11 factors such as crop rotation, debris management, variety susceptibility and fungicide 12 applications (Pirgozliev et al., 2003; Koch et al., 2006) , which aim at reducing 13 infection or growth of toxigenic fungi (Aldred and Magan, 2004) .
14 The primary reservoir of inoculum is debris from the previous crop (Xu, 2003) . FHB 15 epidemics are supported by cropping systems that leave high amount of crop debris 16 on the soil surface (Pereyra and Dill-Macky, 2008; Blandino et al., 2010) and 17 pathogens survive longer on residues that do not degrade easily, such as stem 18 nodes or stalks (Sutton, 1982) . Thus, FHB disease and DON contamination are more 19 severe if the preceding crops are maize or sorghum, rather than wheat or barley and 20 even less contamination is observed following other crops (Champeil et al., 2004b; 21 Smith-White et al., 2004) .
22
Limited soil tillage or no-tillage increase the frequency of FHB, whereas deep tillage, 23 such us ploughing, decreases it (Miller et al., 1998) . Maiorano et al. (2008) reported a close relationship between DON contamination in wheat grains and the quantity of 1 maize crop residues on the soil surface at anthesis. Moreover, FHB severity and 2 DON content are clearly affected by the interaction of previous crop residues and 3 tillage practice applied (Dill-Macky and Jones, 2000) .
4
As far as variety susceptibility to FHB and DON is concerned, breeding progress in 5 cereals, using conventional methods, molecular markers or through transgenic 6 approaches, have been discussed in great detail in several reviews (Hollins et al., 7 2003; Snijders, 2004) . At present, no durable, fully FHB-resistant wheat cultivars 8 exist, therefore their control relies on the use of commercial cultivars with partial 9 resistance (Mesterhàzy et al., 2005) , although wheat varieties more resistant to FHB 10 have been shown to reduce DON production to almost nil in recent studies (Tóth et 11 al., 2008) .
12
The effect of fungicide application on FHB and DON contamination control has been 13 well documented. Several studies conducted on in vitro experiments (Ramirez et al., 14 2004), on field trials in which wheat was artificially inoculated (Mesterhazy et al., 15 2003; Chala et al., 2003) or under natural infection conditions (Blandino et al., 2006) 16 have demonstrated that good levels of control can be achieved with fungicides. The 17 outcome of the use of fungicides seems to depend on the fungal species that are 18 present and the effect that the particular fungicide has on these species. Fungicides 19 containing triazole, imidazole or triazolinthione active ingredients, which inhibit the 20 biosynthesis of ergosterol, were the most active against FHB infection and DON 21 contamination (Haidukowski et al., 2005; Ioos et al., 2005) . Of the azole group, 22 metconazole and prothioconazole, which have been developed more recently, have 23 been reported to be the most effective fungicides in controlling Fusarium spp. and 24 reducing the DON level in wheat grain (Paul et al., 2008) .
Previous studies show that individual control methods can decrease the impact of the 1 disease significantly, but combining control methods can be expected to be more 2 efficient, especially if the climatic conditions are favourable for FHB infection 3 (Edwards, 2004) . Therefore good agricultural practice (GAP) requires an integrated 4 approach that addresses all the possible risk factors in order to prevent DON 5 contamination (Pirgozliev et al., 2003) . Moreover, although information is available on 6 the basic effect of individual agricultural practices on Fusarium infection and DON 7 contamination in wheat, only a few studies have been conducted to quantify the 8 relative importance of each of these factors compared to the others or to verify their 9 interactions and combined effects.
10
The aim of this study was to determine the effect of residue management, variety contamination (Gourdain, 2008) , they have been selected to verify the effect of 23 residue management through tillage in the more risky crop rotation conditions. The MR variety that was used in each year and site was cv. Bologna , while cv. Serio 1 was the S one (Mayerle et al. 2007 ).
2
In each trial, the triazole fungicide was metconazole (Caramba ® , Basf, Italy, 3 formulation: suspension concentrate) and it was applied at 0.06 kg active ingredient 4 (AI) ha -1 . The fungicide was applied with a 4 nozzle precision sprayer (T-Jeet 110/04) 5 using a fine mist at a slow walk to ensure an effective coverage. The delivery 6 pressure at the nozzle was 324 KPa.
7
Planting was conducted in 12 cm wide rows at a seeding rate of 450 seeds m -2 . The 8 weed control was conducted with isoproturon and diflufenican at wheat tillering (GS 9 31). Glyphosate was applied to the non tilled field before direct sowing. A total of 140 10 kg N ha -1 was applied to plots as a granular ammonium nitrate fertilizer, and was split 11 equally between GS 31 and 39. numerical value corresponds to a percentage interval of surfaces exhibiting visible 23 symptoms of the disease according to the following schedule: 1 = 0-5%, 2 = 5-15 %, 3 = 15-30%; 4 = 30-50 %, 5 = 50-75%, 6 = 75-90%, 7 = 90-100% (Parry et al., 1995) .
1
The scores were converted to percentages of the ear exhibiting symptoms and each 2 score was replaced with the mid-point of the interval. 
23
Appropriate dilutions of the sample extracts contaminated with higher DON levels than 2000 µg kg -1 were necessary before loading them into the immunoaffinity 1 columns in order to avoid saturation of the DON-antibody binding sites. The detection 2 limit of the method was 20 µg kg -1 (signal-to-noise ratio of 3:1). The three growing seasons showed different meteorological trends from the 3 beginning of the stem elongation stage to the harvest (Table 2 ). In 2006, the 4 precipitations were not particularly elevated, but they were concentrated close to (Table 3) .
20
In 2006, at site IM, when applied on their own in order to control FHB, none of the 21 factors was able to reduce FHB severity compared to the worst scenario (direct symptoms was always observed with the preventive combination of all the factors 1 (ploughing, MR variety, fungicide application) ( Table 9 and compared with other data available from literature. In all 14 these studies, the effect of at least two agricultural practices on DON contamination 15 were compared, in naturally-infected field conditions. Based on these data, the main 16 factors that influence DON formation in wheat grain can be put in a ranking order as The fungicide treatment was the agricultural practice which showed the greatest 1 grain yield advantage. Since the application of a fungicide from heading to anthesis is 2 associated with yield increases, due to the maintenance of the photosynthetic life of 3 the canopy during grain filling (Ruske et al., 2003) , the effect of this agricultural 4 practice on yield was also observed in the trials with low FHB pressure. Moreover, crop, tillage and varietal susceptibility (Gourdain, 2008) . Comparing the most 19 favourable and the worst DON control scenarios, Koch et al., (2006) , reported, in a 2-
year trial, which involved the same factors as our experiment, the same reduction in 21 DON content (97%) observed in our work.
22
As far as our data are concerned, only in one of the nine field trials, was the 23 application of the best integrated strategies not able to reduce DON contamination 24 under the present EU admissible maximum levels for common wheat (i.e. 1250 µg kg -1 ; EC 2006), but, it is important to underline that the experiment was conducted in 1 climatic conditions that were extremely favourable for FHB infection and DON 2 content.
3 Moreover, the data collected on the integrated multiple agronomic strategies clearly 4 confirm the hypothesis advanced by Edward (2004) and Beyer et al. (2006) , 5 concerning the fact that the impact of combined risk factors on DON contamination is 6 synergistic rather than additive. Table. 6
Effect of tillage, variety susceptibility to FHB and triazole fungicide application on grain yield of winter wheat (t ha -1 ); field experiments conducted at three sites in North Italy over a three years period.
Significance for the differences of the compared means are reported in Table 5 . Table. 8
Effect of tillage, variety susceptibility to FHB and triazole fungicide application on DON contamination of winter wheat (µg kg -1 ); field experiments conducted at three sites in North
Italy over a three years period.
Significance for the differences of the compared means are reported in Table 7 .
Tillage: the previous crop was grain sorghum at site IM (years 2006 and 2007) and grain maize at site IM (2008), RC and SL.
Variety: S = susceptible to FHB, MR = moderately resistant to FHB Fungicide: metconazole was applied at 0.06 kg active ingredient (AI) ha -1 at wheat heading.
nd: not detected. The detection limit was 20 µg kg -1 . The reported data are the average of the relative DON content of 9 field experiments, expressed in relation 7 to the worst case scenario in each trial. 8
The simulations of the combined effect of factors were obtained from the additive 9 computation of the effect of a single factor in relation to the worst case scenario . 
